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In a recent Letter, an excess of 511 keV radiation from positron annihilation from the centre of the Galaxy
was proposed to explain by the decay of the protons falling onto Sgr A∗ while interpreting Sgr A∗ as a
gravitational vacuum star. In the present Letter, this explanation is considered in view of the constraints
imposed by the accretion rate onto Sgr A∗ and the observed luminosity of Sgr A∗.
© 2014 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.An event horizon of the black hole [1] poses a problem for the
modern physics. As an alternative to black hole, the model of the
gravitational vacuum star or dark energy star was proposed [2,3]
which removes the formation of event horizon at the endpoint of
gravitational collapse. The model contains a vacuum in the interior
with the equation of state, p = −ρ , and, instead of event horizon,
a thin layer of stiff matter with the equation of state, p = ρ . To
this end, the problem of gravitational collapse was addressed by
many authors within the classical theories and several solutions to
avoid the development of black hole event horizon have been dis-
cussed, e.g. [4] and references therein. One prediction of the model
of gravitational vacuum star [3] is that the proton hitting the sur-
face of the gravitational vacuum star will be scattered and may
decay at the grand uniﬁcation scale. Quarks constituting the pro-
ton falling into the quantum critical layer of a gravitational vacuum
star acquire a rest mass approaching or exceeding the grand uniﬁ-
cation scale where baryon number violating processes are expected
to be just as important as the elementary particle processes stud-
ied in earthbound accelerator experiments. In [3] the proton decay
is considered through the mode p → e+π0 which is the dominant
mode in the SU(5) model of grand uniﬁcation [5].
An excess of 511 keV radiation from positron annihilation
has been observed coming from the centre of the Galaxy [6]
and references therein. The observed ﬂux implies a power of
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SCOAP3.∼ 1037 erg s−1. The main sources of positrons have not been iden-
tiﬁed up to now. The excess of 511 keV radiation was proposed
to explain [7] by the decay of the protons falling onto the radio
source Sgr A∗ in the centre of the Galaxy while interpreting Sgr A∗
as a gravitational vacuum star. Now, Sgr A∗ is treated as a black
hole, with the mass mBH ∼ 3× 106 m [8,9].
The observed power of 511 keV radiation ∼ 1037 erg s−1 gives
the power of the decayed protons ∼ 1040 erg s−1. The neutral pions
born in the decay of the protons will decay into the photons thus
giving contribution to the luminosity of Sgr A∗. Observations of
stellar winds nearby Sgr A∗ give a mass accretion rate of dM/dt ∼
10−5M yr−1, e.g. [10] and references therein. The numerical sim-
ulation indicates that the angular momentum is large thus giving a
smaller accretion rate of dM/dt ∼ 3× 10−6M yr−1 [11], with the
expected luminosity ∼ 2 × 1040 erg s−1, provided the radiative ef-
ﬁciency is about 10%. On the contrary, observations, e.g. [12], give
a bolometric luminosity of Sgr A∗ ∼ 1036 erg s−1.
Thus, the accretion rate onto Sgr A∗ and the observed luminos-
ity of Sgr A∗ impose constraints on the decay of the protons falling
onto Sgr A∗. The power of the decayed protons is consistent with
the expected luminosity due to the accretion rate onto Sgr A∗, but
much higher than the observed luminosity of Sgr A∗. The explana-
tion [7] of the excess of 511 keV radiation may work if the protons
decay into some particles which do not give contribution to the
luminosity of Sgr A∗. An example of such a mode is p → ν¯π+
where the end products are positron and neutrinos. To this end,
the decay of proton at the Planck scale into positron and hypo-
thetical Planck neutrinos, p → e+4νPl , was proposed in [13]. Noteunder the CC BY license (http://creativecommons.org/licenses/by/3.0/). Funded by
2 D.L. Khokhlov / Physics Letters B 729 (2014) 1–2also that experiments [14] show no evidence for proton decay. The
results of experiments set lower limit on the partial lifetime of
8.2×1033 years for p → e+π0 while the SU(5) model predicts the
value ∼ 1029±2 years.
We shall refer to several related works. Authors of [15] dis-
cussed the infrared luminosity constraints on alternative models
for the event horizon of Sgr A∗. They showed that observations
limit the existence of a surface of Sgr A∗, requiring the eﬃciency of
converting the liberated gravitational binding energy into radiation
and kinetic outﬂows to be greater than 99.6%, considerably larger
than 0.01–1% in Sgr A∗. The constraint is obtained for a black body
surface. Concerning gravitational vacuum star [16], its speciﬁc heat
is enormous so the thermal radiation generated by accretion will
in general be unobservable. The heat capacity of a dark energy is
greater than the heat capacity of a black body cavity by a factor on
the order of the Planck mass divided by the temperature. This im-
plies that accretion onto a gravitational vacuum star will result in
temperatures too low to be observable. For Sgr A∗, it would take
longer than the age of the universe for the equilibrium of matter
accreted at a rate of 10−6M yr−1 to reach a temperature of 1 K.
Therefore, the gravitational vacuum star evades the constraint for
a black body surface [15].
Constraint on Galactic positron production from the diffuse
Galactic gamma-ray data was discussed in [17]. The data require
the positron injection energy to be  3 MeV. It was shown [3]
that the spectrum of positron arising in the decay of the proton
falling onto the gravitational vacuum star is consistent with the
constraint [17].
It is worth mentioning the papers where baryon decay in other
astrophysical contexts was considered. Violation of baryon number
in information-preserving black holes was discussed in [18]. The
spectrum of positrons arising in the decay of the protons falling
onto the gravitational vacuum star was studied in [19] and shown
to be in compliance with the spectra of cosmic gamma ray bursts.References
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